The aim of this study was to characterize sweet cherry regarding nutritional composition of the fruits, and individual phytochemicals and bioactive properties of fruits and stems. The chromatographic profiles in sugars, organic acids, fatty acids, tocopherols and phenolic compounds were established. All the preparations (extracts, infusions and decoctions) obtained using stems revealed higher antioxidant potential than the fruits extract, which is certainly related with its higher phenolic compounds 
Tocopherols. Tocopherols were determined following a procedure previously described by the authors (Stojković et al., 2013) . Analysis was performed by HPLC (equipment described above), and a fluorescence detector (FP-2020; Jasco) programmed for excitation at 290 nm and emission at 330 nm. The compounds were identified by chromatographic comparisons with authentic standards. Quantification was based on the fluorescence signal response of each standard, using the IS (tocol) method and by using calibration curves obtained from commercial standards of each compound. The results were expressed in µg per 100 g of fresh weight.
Evaluation of bioactive properties and phenolic compounds 2.4.1. Preparation of extracts, infusions and decoctions
The hydromethanolic extracts were obtained from the lyophilized stems and fruits. Each Flawil, Switzerland) to remove the methanol. For purification, the extract solution was deposited onto a C-18 SepPak® Vac 3 cc cartridge (Phenomenex), previously activated with methanol followed and water; sugars and more polar substances were removed by passing through 10 mL of water and the purified samples were further eluted with 5 mL of methanol. The extract was concentrated under vacuum.
The infusions were prepared from the lyophilized stems. Each sample (1 g) was added to 200 mL of boiling distilled water and left to stand at room temperature for 5 min, and then filtered under reduced pressure. The obtained infusion was frozen and lyophilized.
The decoctions were also prepared from the lyophilized stems. Each sample (1 g) was added to 200 mL of distilled water, heated (heating plate, VELP scientific) and boiled for 5 min. The mixture was left to stand for 5 min and then filtered under reduced pressure. The obtained decoction was frozen and lyophilized.
The extracts, infusions and decoctions were redissolved in the corresponding solvent (final concentration 5 mg/mL) for antioxidant activity evaluation and phenolic compounds analysis, or water (final concentration 8 mg/mL) for antitumor activity evaluation.
The final solutions obtained were further diluted to different concentrations to be submitted to distinct bioactivity evaluation in vitro assays. The results were expressed in i) EC 50 values (sample concentration providing 50% of antioxidant activity or 0.5 of absorbance in the reducing power assay) for antioxidant activity, or ii) GI 50 values (sample concentration that inhibited 50% of the net cell growth) for antitumor activity.
Trolox and ellipticine were used as positive controls in antioxidant and antitumor activity evaluation assays, respectively (Dias et al., 2013) .
In vitro antioxidant activity assays
DPPH radical-scavenging activity was evaluated by using an ELX800 microplate reader (Bio-Tek Instruments, Inc; Winooski, VT, USA), and calculated as a percentage of DPPH discolouration using the formula: [(A DPPH -A S )/A DPPH ] × 100, where A S is the absorbance of the solution containing the sample at 515 nm, and A DPPH is the absorbance of the DPPH solution. Reducing power was evaluated by the capacity to convert Fe 3+ into Fe 2+ , measuring the absorbance at 690 nm in the microplate reader mentioned above. Inhibition of β-carotene bleaching was evaluated though the β-carotene/linoleate assay; the neutralization of linoleate free radicals avoids β-carotene bleaching, which is measured by the formula: β-carotene absorbance after 2h of assay/initial absorbance) × 100. Lipid peroxidation inhibition in porcine (Sus scrofa) brain homogenates was evaluated by the decrease in thiobarbituric acid reactive substances (TBARS); the colour intensity of the malondialdehyde-thiobarbituric acid (MDA-TBA) was measured by its absorbance at 532 nm; the inhibition ratio (%) was calculated using the following formula: [(A -B)/A] × 100%, where A and B were the absorbance of the control and the sample solution, respectively (Dias et al., 2013; Roriz, Barros, Carvalho, Santos-Buelga & Ferreira, 2014) .
Antitumor activity in human tumor cell lines
Five human tumor cell lines were used: MCF-7 (breast adenocarcinoma), NCI-H460
(non-small cell lung cancer), HCT-15 (colon carcinoma), HeLa (cervical carcinoma) and HepG2 (hepatocellular carcinoma). Cells were routinely maintained as adherent cell cultures in RPMI-1640 medium containing 10% heat-inactivated FBS (MCF-7, NCI-H460 and HCT-15) and 2 mM glutamine or in DMEM supplemented with 10% FBS, 2 mM glutamine, 100 U/mL penicillin and 100 mg/mL streptomycin (HeLa and HepG2 cells), at 37 ºC, in a humidified air incubator containing 5% CO 2 . Each cell line was plated at an appropriate density (7.5 × 10bound SRB was solubilised with 10 mM Tris (200 µL) and the absorbance was measured at 540 nm in the microplate reader mentioned above (Dias et al., 2013) .
Hepatotoxicity
A cell culture was prepared from a freshly harvested porcine liver obtained from a local slaughter house, and it was designed as PLP2. Briefly, the liver tissues were rinsed in hank's balanced salt solution containing 100 U/mL penicillin, 100 µg/mL streptomycin and divided into 1×1 mm 3 explants. Some of these explants were placed in 25 cm 2 tissue flasks in DMEM medium supplemented with 10% fetal bovine serum, 2 mM nonessential amino acids and 100 U/mL penicillin, 100 mg/mL streptomycin and incubated at 37 ºC with a humidified atmosphere containing 5% CO 2 . The medium was changed every two days. Cultivation of the cells was continued with direct monitoring every two to three days using a phase contrast microscope. Anthocyanins. Each fruit sample (1 g) was extracted with 30 mL of methanol containing 0.5% trifluoroacetic acid (TFA), and filtered through a Whatman nº 4 paper. The residue was then re-extracted twice with additional 30 mL portions of 0.5% TFA in methanol. The combined extracts were evaporated at 35 ºC to remove the methanol, and re-dissolved in water. For purification, the extract solution was deposited onto a C-18
SepPak® Vac 3 cc cartridge (Phenomenex), previously activated with methanol followed by water; sugars and more polar substances were removed by passing through 10 mL of water and anthocyanins were further eluted with 5 mL of methanol:water 
Results and discussion

Chemical characterization of P. avium fruits and stems
The results of the nutritional characterization of P. avium (sweet cherry) fruits are shown in Table 1 . Carbohydrates were the most abundant macronutrients, followed by proteins. Fat content was low, and the energetic contribution was ~58 kcal/100 g fw.
Pacifico et al. (2014) reported the chemical composition of P. avium, being the values described by these authors very similar to the ones obtained in this study.
Hydrophilic compounds (free sugars and organic acids) were determined in fruits and stems. The main sugars and derivatives found either in fruits or stems were fructose, glucose and sorbitol (Table 1) , being glucose the most abundant in fruits followed by fructose, while in stems all the compounds were found in similar amounts. Contrarily to the inexistent studies on stems, there are some reports on sugars composition of sweet cherry fruits (Usenik et al., 2008 (Usenik et al., , 2010 Serradilla et al., 2011; Ballistreri et al., 2013; Pacifico et al., 2014) . Those authors report the presence of the same sugars, with similar values, although some of them also detected the presence of sucrose (Usenik et al., 2008 (Usenik et al., , 2010 Pacifico et al., 2014) .
Oxalic, malic, ascorbic, citric and fumaric acids were found in the fruits of P. avium (Table 1) , while stems presented oxalic, malic, shikimic and citric acids. Malic acid was the most abundant organic acid in both parts, also being reported by other authors in fruits as the main acid (Usenik et al., 2008 (Usenik et al., , 2010 Serradilla et al., 2011; Ballistreri et al., 2013) . Otherwise, those authors did not describe the presence of ascorbic acid, but identified shikimic acid. Schmitz-Eiberger and Blanke (2012) were the only authors reporting the presence of ascorbic acid in the fruits; nevertheless, the amount found by them was much higher than the one determined in this study, probably due to the different ripening stage of the analysed fruits, but these differences could also be explained by the different extraction methodologies applied.
Fatty acids (FA) and tocopherols composition of fruits and stems are shown in Table 2 .
In fruits, polyunsaturated fatty acids (PUFA) predominated over saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA), whilst in stems SFA predominated over MUFA and PUFA. In fruits, the FA determined in higher percentages were linoleic acid (C18:2n6), oleic acid (C18:1n9), palmitic acid (C16:0) and α-linolenic acid (C18:3n3), while in stems the order of abundance was C16:0, C18:1n9, C18:2n6 and C18:3n3. Regarding tocopherols, δ-tocopherol was not detected in both parts of P.
avium, being γ-tocopherol only present in steams; stems revealed the highest concentration in tocopherols. α-Tocopherol was the most abundant isoform in both parts, being more abundant in stems. To our best knowledge there are no reports on lipophilic compounds of P. avium.
Bioactivity of different preparations from P. avium fruits and stems
The in vitro antioxidant and antitumor properties of different preparations of P. avium fruits and stems were evaluated, and the results are given in Table 3 . Due to the traditional use P. avium stems, as sedatives, diuretics and draining (Hooman et al., 2009; Di Cagno et al., 2011) , infusions and decoctions were also prepared and tested to compare with the bioactivity of the extracts obtained from stems and fruits.
The antioxidant potential of sweet cherry fruits was previously reported (Chaovanalikit & Wrolstad, 2004; Serra et al., 2010 Serra et al., , 2011a Serra et al., , 2011b Schmitz-Eiberger & Blanke, 2012) .
Nevertheless, in the present study, all the preparations obtained using stems revealed
higher antioxidant potential than the tested extract from fruits. Particularly, stems extracts gave the highest antioxidant activity in all the assays, followed by decoctions and, then, infusions. This was probably related to the higher phenolic compounds concentration found in stems, in comparison with fruits (Tables 4 and 5) . Regarding antitumor potential, no activity (up to 400 µg/mL) was observed for MCF-7 (breast carcinoma), NCI-H460 (lung carcinoma), HeLa (cervical carcinoma) and HepG2
(Hepatocellular carcinoma) cell lines. The fruits extract was the only one showing activity and revealed selectivity against HCT-15 (colon carcinoma) (GI 50~7 4 µg/mL; Table 3 ). This might be related to the presence of anthocyanins that were only found in fruits and not in stems (Table 5 ). In fact, the cytotoxicity of P. avium fruits for other human colon cancer cells (HT29) has been previously reported (Serra et al., 2010 (Serra et al., , 2011a (Serra et al., , 2011b ).
None of the tested preparations have shown hepatotoxicity against normal primary cells (Table 3 ; GI 50 > 400 µg/mL for PLP2).
Analysis of phenolic compounds
The HPLC phenolic profiles of P. avium stems and fruits extract were recorded at 280 and 370 nm, and shown in Figures 1A and B . The peak characteristics and tentative identities are presented in Tables 4 and 5. Twenty-six compounds were detected in stems, seven of which were phenolic acid derivatives and nineteen were flavonoids.
Twelve compounds were identified in fruits (Table 4) , three of which phenolic acid derivatives, three anthocyanins, and six other flavonoids.
Phenolic acids.
Sinapic acid (compound 7 in stems) was positively identified according to its retention, otherwise, the extracts could be incorporated in nutraceutical or pharmaceutical products. The HCT-15 (colon carcinoma) >400 >400 >400 73.51±6.37
Hepatotoxicity (GI 50 value, µg/mL) PLP2 >400 >400 >400 >400
The 
